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MEAN SOUNDING DATA OVER THE WESTERN TROPICAL PACIFIC OCEAN
DURING THE TYPHOON SEASON

Kenji Shimada
Japan Meteorological Agency -

ABSTRACT

Monthly mean values of height, temperature, and dew point at E
gtandard'pressure surfaces for the typhoon season, July to October, f
‘of the years 1957, 1958, and 1959, were tabulated for fourteen sta- - %

tions in the western trdpical Pacific Ocean. Stations were combined

into four groups to obtain representative data for four areas in the

western tropical Pacific. Mean soundings for these areas are compared

with each other and with mean soundings for the Gulf of Mexico and
the West Indies.

Monthly instability indices were computed for each area. The
seasonal trend of the instability index for the Mid-Pacific area L
shows a good correlation with the trend of the frequency of tropical

storms during the typhoon season.
1. INTRODUCTION

During the summer and fall seasons, streamline analyses at the 700-mb.
surface in the domain bounded by the 90°E. meridian, the 40°N. parallel, the
162°W. meridian, and the 22°S. parallel, are made in the Forecast Section of
the Japan Meteorological Agency. The sparseness of the wind data over the
tropical Pacific c¢auses analysts much difficulty in detecting such tropical
disturbances as easterly waves, shear lines, small cyclonic and anticyclonic
vortices, and tropical depressions.

In such sparse data regions, therefore, the 24-hour 700-mb. height change
is used as an auxiliary tool in streamline analysis. ‘The standard atmosphere
or the monthly mean sounding values of height, temperature, and dew point,
however, would be more useful, because the deviation from the standard not
only represents the synoptic sequence of events, but also furnishes climatic
information. Therefore, data from fourteen stations in the western tropical
Pacific (fig. 1) were used to construct mean soundings representative of the
typhoon season, June to October.



2. PROCESSING OF DATA

The monthly mean temperatures, dew points, and heights, at the selected
pressure levels for the fourteen stations listed in table 1 were obtained by
simply averaging the records for 1957, 1958, and 1959, from the Northern
Hemisphere Data Tabulations, Synoptic Weather Maps, Part II (U. S. Weather .
Bureau) and the Aerological Data of Japan (for Marcus Island only).

The data for Marcus Island were obtained by means of the Japanese radio-
sondes. Corrections for height, temperature, and dew point, therefore have
been applied to these data so that they may be compared with the data for
other stations measured with United States radiosondes. The correction values
given in table 2 are after Matsuhashi and Arai [h,5].

The data, tabulated in table 3, are entirely based on the 1200 GMT obser-
vations so that radiation errors need not be considered. The observations are

scheduled at local times varying from 2058 at Koror to OOL7 at Johnston Island.

The relative mean diurnal differences over that 4-hour period are so small [5,
8, 10] that they may be considered negligible.

3. MEAN AEROLOGICAL DATA

The monthly mean values of temperature, dew point, and height at the
standard pressure surfaces for the fourteen stations are shown in table 3
(following the text).

According to table 3, thermal conditions at Yap, Koror, Guam, Truk, and
Ponape are rather uniform and the month-to-month changes are small. A mean
sounding obtained by averaging the data for Koror, Yap, and Guam is, there-
fore, representative of normal conditions over the Caroline Islands and the
Marianas, while the mean sounding consisting of data from Eniwetok, Kwajalein,
and Majuro is typical of conditions over the Marshall Islands area. These
two mean soundings are shown in table 4 (following the text).

The data for Marcus Island and those for Iwo Jima are almost the same
(table 3). The mean sounding (table 4) obtained by averaging the data for
these two stations is taken to be representative of thermal conditions over

. the trade wind region of the western North Pacific during the summer through

fall season.

There exists a semipermanent trough, throughout the warmer seasons, which
extends from the Hawaiian Islands to the northwestern part of the Marshall
Islands through the Wake area. This trough, named the Mid-Pacific trough by
Ramage [7], plays an important role in the formation of tropical storms. The
temperatures in the middle and upper troposphere at Midway Island and Wake Is-
land show a remarkable fall in midsummer, July to August. This temperature
fall in midsummer-is one of the most important features of the Mid-Pacific
trough region. A mean sounding obtained by averaging the data for Midway and
Wake is, therefore, used to represent thermal conditions over the Mid-Pacific
trough region (table L4).

Comparisons between the monthly mean soundings for these four areas are
carried out in the following section. The areas are indicated in figure 1.




Table 1. - Station nomenclature

—_———————

WMO , _ -
Station index  Iatitude Longitude . e‘)"

. number m.
Midway Island 91 066 28°13'N 177°22'W 13
Ivo Jima, Volcano Islands 91 115 24 47 N 141 20 E 106
Marcus Island ‘ 91 131 24 17T N 153 S8 E 17
Guam, Mariana Islands 91 217 13 33 N 144 50 E 162
Weke Island . 91 245 19 17T N 166 39 E N
Eniwvetok Island, Marshall Islands 91 250 1120 N 162 20 E 3
Johnston Island 91 275 16 44 N 169 31 W 2
Truk, Caroline Islands 91 334 0727 N 151 50 E 2
Ponape, Caroline Islands 91 348 06 58 N 158 13 E L6
Kwajalein Atoll, Marshall Islands 91 366 0843 N 167 W4 E 3
Majuro Atoll, Marshall Islands 91 376 07 06 N 171 24 E 3
Koror, Peletiu Island, Palau Islands 91 408 07 21 N 134 29 E 33
Yap Island, Caroline Islands 91 413 09 31 N 138 08 E 17
Canton Island, Phoenix Islands 91 700 02 46 S 171 43 W y
. u 140 150 I6p 170°€ tTo |7q°v(N

u}o.mv %
¢ Iwo - Marcus’ /
~r— — B
TWOJMA MARCUS /‘ﬁd-raciﬁc’
WAKE .
JOHNSTON
GUAM
G "West Carolin¢|s~Marianas’ EN'W{T;K o
10 . K IN
Av TRUK AR
KOROR . PON.AP E Marshalls MAJURO
0 S 0
- 3 s CANTON
w%\ 150 \) 160 7eE 180 17

Figure 1. - Station location and grouping into representative areas.




Table 2. - Correction values applied to
the data for Marcus Island

Pressure  Temp. Dew Point Height

(mb. ) (°c.) (°c.) (m.)

1000 0 0 0
850 0 0 0
700 0 0 0
500 0 0 10
400 -1.0 -1.0 3
300 -1.5 -1.5 -4
250 -2.0 -17
200 -2.0 -30
150 -2.0 =50
100 -1.5 -T70

4, COMPARISONS OF THERMAL CONDITIONS IN THE FOUR AREAS

The heights of ‘the standard pressure levels in the West Carolines-
Marianas area are greater in the middle and lower stratosphere than those in
the Marshalls area during the four months, July to October. 'In the middle and
upper troposphere the height differences undergo a reversal (table 5). The
temperatures in the layer below the 150-mb. level are higher in Iwo-Marcus
than in the Mid-Pacific throughout the typhoon season, with the largest differ-
ences in July or August. The mixing ratios in Iwo-Marcus are larger at.all
levels below 300 mb. than those for the Mid-Pacific throughout the season in-
vestigated. The cold temperatures in the Mid-Pacific suggest cold advection
from the northwestern Pacific into the Mid-Pacific area in association with
the Mid-Pacific trough.

Next the mean values of height, temperature, and mixing ratio for the
West Carolines-Marianas area are compared with those for the Marshalls. The
West Carolines-Marianas area is slightly warmer than the Marshalls area at
all levels except the 1000-mb. level and shows generally higher moisture con-
tent. This difference suggests that heat and moisture are transferred to the

- trade as it flows downstream.

Temperatures at upper tropospheric levels at Iwo-Marcus are lower than
in the West Carolines-Marshalls. The height differences between the two areas
are very small in the middle and lower troposphere throughout the typhoon sea-
son. As to moisture, mixing ratios in the 1000-300-mb. .layer at Iwa-Marcus
are smaller than in the West Carolines-Marianas. Especially in the layer near
400 mb., the difference in mixing ratios amounts to about 50 percent of the
values- for the West Carolines-Marianas.

Figure 2 presents & comparison of the seasonal change in temperature at
various levels for the four groups of stations.




o™ N

June July Auguet Septoember Octeber June July Aug:ut September October

Figure 2. - Seasonal variations of- Figure 3. - Instability indices for
the temperature at 850, 500, 200, Iwo-Marcus (heavy solid line), Mid-
and 50 mb., for Iwo-Marcus (heavy Pacific (heavy broken line), West
solid line), Mid-Pacific (heavy Carolines-Marianas (thin solid
broken line), West Carolines- " line), and Marshalls (thin broken
Marianas (thin solid line), and line), and total number of tropical
Marshalls (thin broken line). storms which formed during three
The temperature at 50 mb. for years 1957-1959 in the domain
Iwo-Marcus is based only on the given in figure 1.

data for Iwo Jima.

5. INSTABILITY

Instability indices were computed for Iwo-Marcus, the Mid-Pacific, the
West Carolines-Marianas, and the Marshalls in order to examine the relation-
ship between the vertical instability and the frequency of typhoon formation.
The instability index is defined by the temperature difference

00 00 R : -
TiOOO - TBOO , Where Tiooo is the temperature of a parcel lifted pseudo

adiabatically from the 1000-mb. surface to the 300-mb. surface; and T%OO is
the mean temperature at the 300-mb. level.
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As shown in figure 3, the indices for the West Carolines-Marianas and
for the Marshalls are large positive values throughout the typhoon season,
and their month-to-month changes are small.

-Marcus and Mid-Pacific also are positive
The month-to-month change of the indices
appears to show a good correlation, in a qualitative sense, with the frequency
of tropical storm formation in the Pacific also shown in figure 3. The index
for the Mid-Pacific shows a remarksble rise between June and July and a rapid
fall between September and October. This remarkable seasonal trend of the
index is considered to depend mainly upon the variation of the temperature and
dew point at the 1000-mb. surface because the temperature at 300 mb. varies

1ittle through the typhoon season.

The instability indices for Iwo
with the largest values in August.

The good correlation of the frequency of typhoon formation with the sta-
bility index for the Mid-Pacific area, Or Mid-Pacific trough region, implies
that tropical disturbances or easterly waves are likely to originate in that
region. On the other hand, the instabilities in the West Carolines-Marianas
and in the Marshalls are very large throughout the typhoon season, but the

seasonal variation is small.

Positive value of the instability index, therefore, is cqnsidered as a
necessary, but-not sufficient, condition for typhoon formation.

6. COMPARISON OF THE MEAN SOUNDINGS FOR IWO-MARCUS
WITH THOSE FOR THE GULF OF MEXICO AREA

Hebert and Jordan (2] in 1959 presented mean aerological data for the
Gulf of Mexico area. Iwo Jima and Marcus are located at nearly the same la-~
titude as the Gulf of Mexico. According to Tachi [9], Iwo-Marcus is one of
the most favored areas for storms in August through October and this is true

also of the Gulf of Mexico.

The deviations of the values for Iwo-Marcus in the Pacific from similar
values for the Gulf of Mexico area are shown in table 6. The mean temperature
values for Iwo-Marcus are consistently higher in the troposphere above the
850-mb. level than those for the Gulf of Mexico area. The same is true of

dew point values.

7. COMPARLISON OF THE MEAN SOUNDINGS FOR THE WEST CAROLINES-MARTANAS
WITH THOSE FOR THE WEST INDIES AREA

Jordan in 1958 (3] presented mean aerological data for the West Indies
area. According to Tachi [9], the Carolines-Marianas is the most favored area
for the formation of tropical storms in the Pacific Ocean, corresponding to
the West Indies in the Atlantic [6]. The West Carolines-Marianas area is

therefore compared with the West Indies.
an values for the West Carolines-Marianas from those

shown in table 7. The temperature values for the
higher in the troposphere above the 850-mb. level

The deviations of me
for the West Indies area are
 West Carolines-Marianas are
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Figure 4. - Deviations of the mean June

-September temperature (solid
100k \ line) and dew-point (dashed) data
from Coldén's mean data.
-
150 |- \
than those for the West Indies area.
200 L \\\\\\ In the lower stratosphere, the reverse
is the case.
250 |-
8. COMPARISON WITH THE DATA
300 [ { PREPARED BY COION
400 - K\ Coldn [1] prepared a mean sounding
M~ for the rainy season, June to September,
800 |- T~ \ over the western tropical Pacific. .
/ These data were based on soundings pade
/ during June to September of the years
700 |- , 1943-1947, at the three stations Koror,
Guam, and KwaJjalein. For comparison,
850 - ‘///4’ therefore, averages have been computed
1000 [~ s for the period, June through September,
from the data presented in table 3.

-1 o + +2 +3C
The deviations of the mean June-

September temperature values from those
computed by Coldn are shown in figure k.
The largest deviation of temperature is 2.6°C. at the 250-mb. level. Through
the deep layer between 850 mb. and 150 mb. the deviation varies from O. 5°C.
to 2.6°C., and dew point deviations also show similar variations in the layer
between 850 and 500 mb. The deviations of the dew point at 400 mb. and 300
mb, are -0.4°C.

The differences between the temperatures given by Colon and the new set
of data are too large to be explained by climatic variation. They perhaps
result from the variance of the radiosonde instruments used during the periods

1943-47 and 1956-59.
ACKNOWLEDGMENTS

The writer is indebted to Dr. Arakawa for giving the opportunity to make
this report, and to Miss Ikenaga, Miss Fukazawa, and Miss Ozaki for the compil-

ation of the basic aerological data.



10.

REFERENCES

J. A. Colén, "The Mean Summer Atmosphere of the Rainy Season Over the
Western Tropical Pacific Ocean," Bulletin of the American Meteorological

Society, vol. 3k, No. 7, Sept. 1953, pp. 553-33%.

P. J. Hebert and C. L. Jordan,"Mean Soundings for the Gulf of Mexico Area,"
Monthly Weather Review, vol. 87, No. 6, June 1959, pp. 217-221.

C. L. Jordan, "Mean Soundings for the West Indies Area," Journal of .
Meteorology, vol. 15, No. 1, Feb. 1958, pp. 91-97.

S. Matsuhashi and E. Arai, "On the Comparison in the Far East Between
Japan's and the Other Countries' Radiosondes,” (First Report) Tenki,
vol. 7, No. 9, 1960, pp. 257-261. (In Japanese. )

S. Matsuhashi and E. Arai, "On the Comparison in the Far East Between
Japan's and the Other Countries' Radiosondes,".(Second Report), Tenki,
vol. 7, No. 11, 1960, pp. 349-355. (In Japanese.)

U. S. Weather Bureau, "West Indian Hurricanes," Mariners Weather Log,
vol. 1, No. 4, July 1957, pp. 73-83. *

C. S. Remage, "Hurricane Development,” Scientific Report No. 3, Contract
AF19 (604)-19&2, University of Hawaii, June 1958, 30 pp.

H. Riehl, Tropical Meteorology, McGraw-Hill Book Co., Inc., -New York,
1954, 392 pp. ’

T. Tachi, "Some Statistical Studies on Tropical Cyclones in the Western
North-Pacific Ocean," - Scientific Report No. 7, Contract Cwb-993,
~Meteorological Research. Institute, Japan Meteorological Agency, l96l.

N. E. LaSeur and C. L. Jbrdan; A Typical Weather Situation of the-
Typhoon Season, Department of Meteorology, University of Chicago, Mar.
1952,’2h pp. '




G e e AT e S D i e 1 e

£vziee A°6b-
12802 | A THl
[1{-2g 1 ¢ £°96-
260'%T L V9=
60£°'TT [RR-L
298°01 t°9p-
cZo'6 AP F°9g-
1982 8°1e- 2'oc-
898°'¢c v'0C- 9'g -
08T'e -~ 6°C - 8°g

8SS‘T R4 b1

9sT - 0°12 1've
wede3y  (9)) (9,)
I3yl *d*a *duay,

*3ny

cgz'‘se
68207
8TS‘91
L0t T
g6c'c
6S8°01
129°6
096,
9u.8'¢c
68T'c
86S°1
891
A.Ecﬁ—.&v
y3yay

b 8y
Lee

-

cec-

Ve
1t
g oz
(9)
‘d*a
TTor

9°6v-
€ 6S-
L°C9-
g9~
T°8¢~
QLy-
6°9¢~
0°12-
c°6 -
L9
S°PT
1°¢e
(J)
*dwayg

AVMaIN

062'0T
028'9T
1CARE A
69¢'2T
016°'01
299's
28s8'e
9.48°C
L91'¢
2£6'1
set
(wed*3)
ySray

yoz'ce
09202
Lv8' 91
9LT'pT
99¢e'cl
S16'0T
299'6
£88'2
9.8'c
oLt'e
cre't
1St
A.E.n.wv
Y3194l

g8 cv-
6°6C-
6°02-
o'z -
0°11
9°'0c
(9,
*d°@
*3dag

G°Ch~
L°0¢-
v 61~
1°'s -
8°3
"Lt
(35}
‘d*d
sunp

14

0g

00T

0ST

00c
oce
00g
oov
00s
00
0S8
0001
(qu)

EX L T-ER X

se
0s
00T
oSt
002
0sc
00¢
(010] 4
Gos
00L
ose
000t

(qm)
aangsaxd

{I07 9908FINS oansssxd paepusis 38 uITaY puw ‘jurod msp ‘eangersdme; JO SaNTBA UBSH - ¢ aTqQBL




10

qe1'ee
6e2'0%
26S° 9T
cyegtr
cEptal
$96°0T
9¢9'6
88C'L
0L3'¢c
Gp1te
S05‘1
98
(rw-d-3)
3yfragl

b 6e-

LLg-
9°21-
9°+1
6°¢C
(3)
da
*Sny

120%s2
169°0%
90991
A Al
srY'Tl
2.6'01
20L'6
c6a'2L
9.8'c
-3 AN
g0C* T
83

A.E.:.uv

FUEA S

3c1'¢cc
0ge'ow
986 ' 91
INAR A |
orr'ci
096'01
€695
g48s‘2
T23's
pi1s'c
cIs'1
96
A.E.a.mv
Iuf1a;y

0°¢cg- )
0°go~ 18202
8°8L- 21991
1°29- 0g2' vl
1°¢s- gsv'eT
6°0b~ 9.6'01
v°Ov- 80~ 90L°S | 20X
FARN A 6°¢T- 96s'e 87T
6°01(- g'g - ¥28'S 8°11
L'T £°01 I6T'¢ Ly
arT G°81 9081 8yl
T e L°ve cg 0°1e
(9) (2) (rucded) (2)
i ~dua IyS1ay *Jlca
°320 *qdag
116~ 5a0'ce
1°¢9- 1o YIRS b
SoLLe €99 u1
1°89- crorl
poge- PSV'T
O 11- GL6°D1
¢ Tr- 1 1¢- 2716 0'ct
0L Tl €09 1°0¢
1°3 - oo - cay's 2°¢el
°c L6 2r1te T°1
coer 1°81 2181 g et
L'eT 8° 1T 001 1°LT
(%) (9) (twed Ry (2)
d*a cdwoy Iydray ‘d*a
sInp ‘unp
Wyno
penMUTaUO) - ¢ ITABT

- - = .
(4
PARA 0s
AP 001
b L9~ () ¢
8'2s- 00¢
9°0%- ose
- 9°0¢- 00¢g
- 9°'g1~ 0oov
- ¥'S - 00s
8°6 002
9°al 088
L e 0001
(2) (qu)
*dwag, 2ANSSIJ;
L'1s- 114
8°C9- os
6°LL- 001
€ L9~ 0sT
£ ¢G- 002
¢ Ipb- (6,414
- 0°1¢~ 0o¢
- L°S1- oov
- c°s - 00g
- 1°01 004
6 L1 0s3
1°¢e 0001
() (qu)
*duay, Janssaxd




11

eLt1'se £'0g-
£62'02T 116" Zva3'oe ¥° 09~ 0s
££9'91 0°9L- 289°91 2°6L~ 001
It AR B v*g9- 882 %1 1°69- oSt
Lev'eT 1°¢cc- o6v'cl 0°2g- 002
29601 6°1v- ¥69'01 p°Ob- 0s2
1026 2°9F- e eg- 0cL'e 21~ c 08~ 00¢
909'2 g Te- 1°21- 619'2 6°2c- 9°gt~ 00¥y
v68°S 9°1C- 6°¢c - £68'¢ 0°21- Sy - 008
LTS 21 - 6°6 votr'e <] 1°11 0oL
8€8'1 L0t AP 818'T 8 21 1°61 0S8
921 L°1e 0°9% 101 A 8°92 0001
(‘wed-3) (2,) (2,) (*w*d-3) (9,) 9,) (qu)
IydaH *d*c sduwal IyF1ay ‘d*a *duay, aanesa]
°320 *dag
or1g‘ce _ 6°6v- gL2tst 118" pI2‘Sc 1°0s6~ g 414
8v8‘ 0T 9°6S- L88°'07 9°'66~ 06207 G*09- 0s
£69°91 6'cL- 099‘0t A AR L¥9' 91 cgL- 001
0s2*y1 0°99- aARA 1°99- 192441 2°99- oSt
cor'al 0°gs- sev'c g8'cs- 26%'2T L°es- 002
946°01 01y~ 186°0T s 0¥~ ¥66°0T veov- 0s2
80L'6 S Chv- 0°1¢e- £12'6 peCy- 9 0L~ riL'e e ch- £°0g- 00¢
€09'e g°3c- 8°c1- c09'2 3°62- 9°GcT- 809'L S°62- s°stl- oov
£88'S coLT- 2°'¢ - 8s8's g 9ol- ¢°g - 288'S re61~ 0'g - 008
691°'¢C 9°'0 ¥°01 c91'¢ 9°0 9°0( 691'¢ 9°0 - ¢ ot 002
9161 AR 0°61 1est1 81t 83l 22T 8°11 p 81 oss
96 z°Te 6°92 £01 g'ce 6°9¢ 991 L°ee v'oe 0001
(ru-d*3) (9, (2,) (rwrde¥) (D)) ) (twrd=3)  (9) 19,) (qw)
Y315y *Ja *dway 1y3tay ‘d'a *dwa) 3ysitoy *d*a cdway, aangsald
*3ny inp *unp
VWIL OMI

penuTquo) - ‘¢ STQBL




$80°G2 8°18”

969°02 9°29- LeLtoe 1°c9-

12891 9°CL- 625'91 o'gL-

p8T'p1 8°99= 202'pT 1°29-

26221 o°yg- oty'2 T1've-

8688401 9°Ch= 0¥6'01 2y

699'6 2°Ssh- o°¢e- T89'6 2er- 6° 18-

v6S'e vere- 0°81- 186°2 9°62~ 8°91~

9.8'C 1°12- t°9 - ce8's 8°81~ o°9 -

getl'e L1 - ¥°6 ggl'e L'z - 6°6

2261 0%l 0°L1 GIS*T 0°2t 0°Lt

eIt t°2c T°92 201 b 12 0°92

(‘m-d-3y (9,) (9) (twed-3) (%) %)

ySraH ‘d*a *dwa] Jydray ‘d*a *dwa],

*330 *3dag
L9t1'ce 1°2g8~ T2 4414 8° 18- Te1‘Ce v co-
692'02 0°09- 082°0C 519~ 6cL' 02 6°29~
266°91 o°pL~ gLs8'ot peee- £65°91 LveL-
802°'vT 29~ 161'vl T L9- 11281 y L9~
erer 6°£g- vov'21 g g~ 2ev'er 1°¥6-
L¥6°'0T [: 344 o 8¢c6° 0T Pt 2 086401 g ey~
889'6 P 4 2 g 1e- £89°6 L gr- o°gg- 269'6 6°vv- g ee~
185'2 8°2¢- 9°'91~ £68°¢ g 1e~ PAPA o 2192 o‘gce- 21~
948°S 6°02- L°¢ - 6L8'S L°ge~ 2°s - cg8'e 2°ge- 8°G -
68T'L L'z - £%6 29T's 8°y - 2°6 vite v°ot1- 2°01
¥26°1 A4 9°SI ogg'T o°et 1°91 Testt e 1t £ et
It 8°02 6°se £21 1°12 2°'6e X4 §°02 9°b2
emcd 3 o) (*wed-3 9 2 cmeded o) )
Au@maozv mwpr .mavw «4wﬂ»=v mm@w : aww A»nmwozv mapw .mwwa
*Sny * e ‘unp
NOISNHOL

PeNUTaUO) - ‘¢ STqBY

12

se
oS
001
0sT
00T
092
00¢
o0F
00g
00L
0g8
0001

(qu)

sansgaay -

*14
001

002
08T
00g
ooy

00
0s8
0001
(qu)
aans9Idg




13

$66'¥2
ov9‘oz
$8G491
861°'vT
LIV'3T
¥¥6°0T
8896 -
£86°2L
293's
osT'e
80S'Y
.8
(cwede3)
Jy3tay

£60°G67
£0L'02
29891
20Tyt
T2v'aeY
8v6'or
Sa9'6
138
8908'S
svl‘e
208'T
68
A.E.z.wv

Iydray

LTege
1°v9-
89°8L~
2 89~
¢ re-
8°Tp-
0°ov- 8°1¢g-
[l ol £°9o1-
et~ 8°s -
pc 9°6
vrl £°81
9°¢ce 2 oz
(3) (3)
*d°a QQE@F
330
6°1g-
1°cy-
9°9L-
0°Te-
S cs-
9° 1™
8°0v- voTeS
L s o)
0°pI- c's -
T'e 6°6
S°ET 0°81
£°£T 2°9¢
(%) (3)
‘d*a *dway,
s
HOTEMIN

panutauo) - °¢ STABL

1.0
286491
612'¥vI
8cy 2t
096°01
969°6
1682
pL8's
1st'e
vos‘t
V8
A osoaowv
IySray

190°'se
289°'02
L6G°'91
TET' T
wey'et
c06'01
6696
v6S'L
0.8'¢
£eT'e
o161
g6
A.Eoﬂowv
yIrey

1°0v~ A
s've~ 8°ST-
g2~ 8°¢g -

(A 4 c°01
£°sT L°81
g*ee 9°L2
(2,) (9,)
onmon OQEQH‘
*3dag
9°1G~
1°g9-
oLl
bo9-
v es-
g8*'ov-
6°ch= o*1¢e-
8°L2- g°C1~-
€8T~ £°G -
2°0 1°01
e°ct 821
(AR WA g*9c
(3) (3,)
oﬁon OQEQE
cghu

[ ——

e

aanggald

aanssaxd

083
00¢
ooV
00¢
00L
oss
0001

(an)

4
0s
001
oSt
002
osz
oog
20b
005
002
oS8
0001

(aw)



e

L60'se 1°2¢e- ae

169°07 | 22 g9.'02 2 19~ oS
266'9T1 T 82~ €09'91 vege- 001
£TT FY 8°99- 02e' ¥ 1 0°29- 0ost
ogr'e 6°€G- oer'el 2°ys- 0oz
6S6°'0T 9°'ch- 686°0T g Ty~ 082
ouL'a o'gy- 9°2¢~ 0nL'e 6°CH= R A\ 00¢
c09's g 1¢- 6°91- 092 8°6C~ 0°L1- oov
068'G ¢ 1c- 8°'S - 288's 0°61- 8'c - 008
1et'e v°C - L6 29t'e e°0 - 8°'6 002
ceg' T ¢l A T8t el 9°L1 0os8
LT1 8°'¢C pooT ott ¥ ce 6°9¢C 0001
(fucded) () (3) (rwmed-3) () (94) (qmy
Iy ray) ‘da *duayg, 1uydray *d°aq *dwag, aansearyq
*3100 ydag
gL1's2 °18- et'se Nl (-1 L9t1'se 9°' 18- o v
19,°0c L Ng=- £9.'032 9°09~ sgL'0e 6°T9~- ce
996°91 a'eL- $96° 9T 91" 609°9T 6°'SL~ 001
[FASE A 0°89- ITARE S €89~ 9cT T £°99~ 061
T62°5T ¢*cg- vee'el g ge- septet b pS- 002
926°'0T crep- 0£6'01 [ 296°01 g8°2h- Sz
129%6 AR A c ce- 929'6 9°Sy- g gL~ coL's 2°0b- 1°¢ge- 0o
185'2L 6°82- 9tLI- 6862 T 0L~ 1°81- 8192 PAS 213 coLl~ 00y
| ZA 0°81- 0L - 288'‘c £ 02~ 1°2 - cos'c 2°ve- £°c = ©og
291%¢ VT L8 gLl'e 6°0 - 8°8 181'¢ A A L6 GUL
Tes'T e er L1 ovstT 2 €Y 9°el ave't pe1t 6°ST 088
(341 6°ce s*o2 921 L2 2°9cC cel 1°22 g'ge 0001
(*wid-3)  (3)) (9,) (rmed-3)  (3) (9) (rmede) () (9) (a%)
Iydroy *d*a *dud], 3y3rtay *d*g *duia], Iystay °d*a *dway aamgsaaq
*Iny cne ‘unp
DIvM

paNUTaUO) - ‘¢ STABIL




15

g6t
9BI'HT
80¥v ' 21
or6ot
960°6
£09°¢
268°S
cLT'e
veg'T
P 4
(‘med-3)
3* Vroy

R A & A

1°92~
8°¢CI-~
nww
vt
o°¢e
{9)
*‘d*a
*Sny

109'91
1221
62r'2t
68601
coL's
£19'2
$¥06'S
81'e
ovs'1
921
A.QE..X'.MV

Iyay

€95° 91
98T 1
oTv'2t
¥86°0T1
0T.'6
609°2
€06's
081's
el
221
A.E.a.wv
1q3tay

panuTquo) - ¢ STqBL

9°2L-

v° 99~

£ vg-

vrev-
£ op-  plec-
S T AR
L'cc- g'g -
9°0 ~  p01
Tt s°L1
gz £°92

3,

R
*390

voeL-

0°69-

g*gg-

Voee-
£'68~  6'2e-
2°92-  °LT-
e°vl- 29 -
81 v'e
6°¢l pret
6°ce 8°92
AUOV Uov
.& .a . Ega
*inp

SNOYVI

Ky

nuwwcﬁ

I EALA |
28p°21
696°0T
£1L'6
L19%2
906°S
_£8T'e
o¥s ‘1
ezl
(u+d+3)
1938 1oy

284' 91
AR A
Iev'eT
896'01
L1L'e
9c9te
616'S
161'¢
268*'1
oyt
(cwmede3)
IySyay

13 S 4
8°8c-
(A oo
PN
AR A8
eTee
(2,)
Jca
=3dag

il 4 A
g8°0¢-
6°61~
h.ﬁ -
2°11
£°2C
(9)

°d*a
sunp

2 9L
L°99~
9°¥S~
1 28 % e
gtee-
[ A
£°g -
v°0T1

6°21

6°97

)
*duag,

(qu)
aanssaJad

001
0,494
002
oge
00¢
00t
00s
00L
0S8
0001
(qu)
sangsaxd



16

¢go'ce . 9°cg~

289'02 1°e9~ g0L'02 6°29- o8
248491 ve6L- 945491 0° 4L 007
232°p1 6°29- = ozE'wl 0°89~ osY
ogriel pees- LT A g£egg- 0dz
486°01 6°0%= . 85601 9.0~ oge
z69‘s 0°6e~ 9°0g- 689'6 s e 2°08~ oog
£9842 0°ve-  L°ST- 628'L T°re-  9°6l~ 0Qp
g9a'c 2 eI~ 9'g. - 6s9's zet- 9°g - 0og
(42 98| 6°'g L6 ;33 S 8% 9°6 Q04
cos‘t ' o1 £°81 26%°1 %1 . 2°8t 058
8 g°ce g°ce 84 9°¢T 2°sT 00T
(m°d-3) (9) (23) (cw2d*3) (%) (3,) (as)
Iydray *d*a *dway 1ydteg ‘d°a cdusg eunegaad
*390 *3dag
241'ce £o18- 6vI‘se 0°zs- gg0'se 1°26- 14
zvetoz 8° 09~ £eLtoz 9°09- 169°02 2 29~ os
z8S°01 ¥ 2 8L~ £88°91 S 8L- 809°'9T z°8s~ 001
28291 0’29~ 632'¥1 A 6 L9~ €2 pT. £°L9- osT
ocrtzt Ao L8p'eT 1°cc- gs¥ct g°Tc- 003
§56'0T 6°0p~ 856°0T 8'ov- ¥26'01 6°62- 0s2
989°'6 1°8c- 9°0g- 9c9°6 8°8¢- L°os- £0L'6 L 8e~ - oog
v28'L L'e2- 8°s1~- . 288°L g g3~ L g1~ 1682 . o°te- 0°st~ o0y
Ls8Ys 9°21~ s°'g - 198°S 1-°21- 9°'S - 898's 9° 11~ 0°g - 00s
setlle 6°¢ v'6 B 2 o > £y ‘6°6 53 2 §F' 6°¢ 8°6 002
2 LI o'yl 8°¢LT 66%° 1 T°#1 1°8t 96v° 1 49 181 0g8
-7 02 £°9Z 08 0°ve 2 92 18 0°02 $°92 0001
("w-d-3) (9) (9,) (cad3) . (3,) (3) (*w-d-3) (3) (%) (a%)
Iy8roy ‘d*a *duay 3ydray *d*a rdway Iy3tay *d*a *dwag aanEsdIg
*3ny ° : *inp ‘unp
FIYNO

PINUTIUO) - ‘€ STqBEL




T TR A e T A T T e S L e LA AT T T e e f e fom D e R Lo

960'se 8°Ts- g2
L69'02 8°co- 8vL'0T 9°¢Y- oS
709'01 0°038- 609°'9T gL~ 001
I AR 8Ly~ 987 ' VT 9°29- oSt
9eb Tl cogg- yov'cl 1 £g- 0ocT
cr3'01 L0t - $96'01 S OF- oge
g1L'6 LTt v oL- €126 c°8eg- £ 0¢- ovg
cr9'2 9°cT~ ¢ec1- 109'2 2 ec- ¢t gl- 00F
623'S 9 Ti- c°g - LL3'S T°11- c'e - n0S
[l Ly 1°01 £elte 8°v 0°'n 002
guc'1 9'#1 2°381 2081 AR A L°81 0oss
S8 Loec veyz 98 9°¢C c*92 0001
(rwmd-3) (%) (D) (fu-d-9) (3,) (2,) (qu)
1ySroy *Jd*q *dwa, Iy3Toy d'a *dway, ER G ERARE
*130° *ydag
991'se 1°0g- CLT'ST 6°1C- 8c0'se 9°ce- ST
8TL'02 ‘0°19- TeL'oz 0'To- AL 0'co- oS
009°9T veiL- 689°91 1°82- SRS IR | co62- 001
(141 2°99- 9£2' 1T 8°L9- TST'HT £ co- (o] ¢
osv'ct g ce- F1A A A 6°¢G- Tev'ct 1°co- 00z
226'01 L°0b- 896°0T 8°0¢p~ €856°01 £ op- 0sz
g0L'6 2 8¢~ b 0L~ 10.%6 0°’ac- 9°0¢- 8.6 0°6c- 1°0¢- oog
86S'2 o°y2- p°cl- 2682 6 'ca~ s*c1- ovo's: ‘a°*ze- £°GT- ooV
7e's 8°11~ g'g - 2L8's 20 8 & £°g - o83'e 6°L1-" T'gc - 00¢8
12 X L'V 6°6" st AR 6°6 (23 XS g'c 101 002
€0G*1 L v £°81 FA LR L°FT e°g1 ves'1 A | 9°81 0S8
c8 0°ce 6°9¢T 63 9°'¢cT 9° 903G 88 8°¢e 8°092 00071
(‘med-3) (9) (2) (cucd-3) (3,) (9,) (cwrd-3) (9) (2) (qu)
y3tay *d*a *dusy ydray ‘d*a *dua] yIroy *d°a *dmag sansgadd
*Iny cInp ‘unp
p'(0)1A1

PSNUTIUC) - ¢ BTqBEL




18

$80°se
€902
zeg'or
LT ¥
60v°21
¥$6°01
£29'6
cL8'L
g8g8's
wi'e
T0S't
<8

Aoa.n.mv

“ay3yey

9°0v-
g°ge~
0o°‘c1-
AR At
1°ve
(9,)
OQOQ
*Sny

126° 91
1 PA S A1
zop'at
8£6°01
LL9'6

1882

298'S

ost'sc

808" [

6

(rw-d-3)

I313)4

ovl'se
¥29°'02
82691
LTy
oov'ar
ge6'0T
€L9'6
6482
$98°'s
Ly1'S
908t
68

(*wrde5)

YB3y

g L8~
1're-
0T~

9 b1
9°LT
(2)
‘dta
*390

108
6°bT-
LTl
s°v
£°F1
6°¢e
(3)
*d°g
‘g

NITTVCVMY
penutquoy - ¢ STABL

18697
egl'pl
SOV TT
6e6'01
vL9'G
088‘2s
coa's
eE1'e
poc't
g8

A.E.&.wv

3udtay

290'ce
199°0%
92691
11T 1
eTr'er
966°01
¥65'6
168°¢
£L8'c
pe1‘e
80S‘'T
16

A.E.m.wv

143tay

(Rl e} Ao
a'ge-
8°' 11~
9
8°bY
g e
(3,)
‘d>q
*3dag

vpl
0°vc
(3)
cd°a
cunp

001
081
00¢
0sc
00¢
oov
00¢g
002
0ogs
0001

(qw)

2ans8ady

seT

oS

00T
0ST
002
oce
00¢
(010} 4
00¢
00L
0s8
0001

(au)

Janssaag




e e e T

e R T N

19

6£0'sT g eg- crI1's2 - ¢°gg- [-t4

899°0¢ 6°29- L1202 g 19~ (o]}
82691 L6~ $95° 91 9°8L~ 001
1eTte1 £°49~ ot AR A | £°89~ 0st
THy'c b ce- SIS AR A 9°eg- 002
286'01 o'y~ 19601 T° 1~ 0s2
969°'6 9°gg- g8'oe- +69'6 g ie- 8°0¢~ 00¢
88G°‘L 9°ce- 6°C1- [T 132 9'¢T- 2°sti~ oov
os8's g'cI- 9°c - 298's 0°z1- g°'g - 00S
oct'e [3hd 2 3°6 12 885 g'e .°6 c0L
206'1 peer 8T 2081 L°cl 081 088
o8 5'¢e 89T L8 9°¢T L°92 0001
(cmed3)  (3) (2) (fud-3) (3,) [EY) (qu)
1ySroay ‘d*a *dwa] LR ETH ‘J*a *dwa] 2IANSBIIH
120 *3dag
1s1tse 18- 2c1'sT 8°0S- z£90'Se c°zg- ¢z
Lvetozg 9°09- z9L'02 §°09- 889°02 G*Z9- oS
p6S 9T £°8L- 26s'ot £ 82~ 239°'9T vrLL- 00T
9e2Z vl g°29- 9eT L 6°29- 8sc vl p°29- oSt
ovv'er 1°¢cg- upt'c £ ¢g- cov'ct f8°co- 002
296'01 L 0pb= 2496°01 6°0p- 136401 £ ot~ ose
£69°6 0°6e- 9°0¢g- 669'6 Tree- L°0e- orL's 1°6¢~ 0°o0g- 00¢
peSte 9°ye~ L°gl- 16c'e o°cc~- L °C1- €6%°L PRt g'sI- ooy
vys's e°e1- g°g - °s'e poel- t°c - 9.8'S 2'31- 1°g - 00¢S
1+1 2 &Y £ ¢ L6 TIS1'S 1°¢ 9°6G -3 S s ¢ 1°01 002
208' 1 8°€1 6°L1 695°1 L'el 6°LT 6US"' T vy 0°81 0S8
c8 g°¢e 0°:2T 26 g e %92 16 6°¢2 8°'9¢ 0001
(‘wed-3) (9, _(9,) (twed-d) (9,) (9,) (twd-3) (3) (9,) (qu)
3ySroy da *dudy, IySrap ‘d*a ~dway, kX EE ETY] ‘d*a *dwag aangsaJdd
*iny ‘Ing ‘unp
__O9OLVR |

DONUTQUO) - ¢ STQBL




20

<72 814
vgL'oz
165491
222 %1
6eH'21
096'01
169'6.
e88'L
498's
ori‘s
118t
18
Acgcﬁowv
3oy

248~
9°2e-
S° 11~
9°t
8°¥1
0°ve
(9,)
*d°a
*Sny

L0ptse
889°02
885°91
geetyl
svb'at
89601
00L'6
168
698°'S
LbTte
9081
[}
(*wed+3)

3ydray

290462
osstoe
968° 91
6ce'v1
cppet
£96'01
€69°'6
1 4: 1R
£98°'s
122 &S
c0s'1
cg
Aog—oﬁm..wv
ydtap

g°2g-
1°¢co~
1708~
£°L9-
6°2S~
9°0b-
v 6c- 9*0og-
8°ve- v°S1-
o°gt~ c°g -
SV 6°6
491 s°81
g ve e 92
(3) (9)
-nnoa OQEQH
*390
1°2s-
8°19-
vl
449
0°¢s-
¢ oy~
o°gg- g2°og-
L£°ge- <1 g
T 1T~ e°g -
I 4 8°6
Lyl z°81
s*ve 8°9T
(3) (3)
C&OQ OQEQH
‘Inpe
q040A

PanuTuUO) = ¢ STABL

T2'02
288°91
43T YT
6CH'2T
196°01
969°6

¥8GtL

508°'¢

SHI'e

30S‘'t

8

(tusde3)

IyIvey

£20'ge
ggetoe
c¥9'ot
128°p1
PLv'2I
166°01
8IL'6
€092
828°'¢c
181'¢
L0681
8

(twued-3)

Y319y

0°‘8g~
0°zg2-
6°0T~
FAS Z

8°'vl
1°ve
(9,)

.m‘a
*3deg

2 6%~
b°ec-
6°T(-
PAS 4
1°6T
£ ve
(9)
Dm'a
‘unp

229~
£ 8L~
409"
(A
90~
9°0¢~
8°9T~
L°s -
9°6

£°8Y-
2°9T
R 1

001

002
0S8
0001
(qw)

aInesexq

(=)
sangseay




21

~

gst'se
we'oe
28¢e* ot
8ce'vl
ecriet
8t6'01
689'6
6252
6s88's
L81'¢
269" T
42
‘wed*3)
19319l

6°9¢-
e ge-
8°T1-
6°tT
9°bve
(9)
‘d*a@
*Sny

966°¥e
229'0¢T
€ss' ot
£eTHT
A A
¥v6'01

$99'6

chyt L
cva'‘s
L0T1'e
86%' T
lL
-E-ﬂ—ouuv
1y3tap

ger'se
63L'0C
93G' 9T
e 'l
W'zt
296'01
£69'6
5092
298'¢q
[ 2 B8
1061
cs8
oEo—&owv
3roH

v 6= b 0g-
9 e 6°St-

6°CT~ £°g =
i 4 6°6
o°gt £ 38T
P 1T £ 97
(%) (3,)
‘J'a *dmag
‘320
c'18-
1°19-
voLL-
0°89-
£oee-
(A ] A
9°8y- s°oc-
g8°ce- 1°61-
[ o 9°¢ =
o'y S'6
g°vl ¢°8l
c° e g oe
(9) (%)
oﬂmtA— oﬁaoou..
‘ynpe

dvi
PSNUTIRO) - ¢ ITqWIL

60.'02
885°'91
2eeT'e
ezt
196°0T
1896
788
198°'s
182 RS
L6t T
8L
A{E.Qowv
yItay

850°cT
L0L'oe
0cu ' 91
29T vl
CETMAN
L86'01
10.'6
£09'2
82z8'c
oot1'e
808° 1
88
A.E.Q.wv
IuIyoH

1°¢9~
e 8L~
8°L9-
1°¢g8~
PRS0} A
crLe-  prog-
¢rege- 9°cT~
111 e°'g -
0°¢g 8°6
6°F1 9°8T
veve 1792
(3,) {3)
onoa .QE”F
*3dasg
o‘es-
6°C9~
8°8L™
1°29-
L°es-
v ob-
9°6¢- 1°0¢g-
g°ge- [A*] bt
o°vT- 0°'C -
£°e (AR V) 4
8°¢t £°81
£°ve c*Le
(3) (3)
or— oﬂ onmso.a
‘unp
T

o¢
00t
oSt
002
ose
0o0¢e
oor
008
00
oss
0001
(qu)
sanssaag

0001t

(a=)
sanesaxy



22

vn'se 1°¢g8- 114

£29'0% AR IR LrLtoe v°go- 0os
PXRE) 8°08- LL8'91 9°6s" oot
09c'+1 0°89- vkt A | £°g9- 0s1
oLv't v eg- Lev'el L°€8- 002
996 '01 1°1p- 60T s v- - 082
612°'6 L S~ 6°0¢c~ €69°6 1°Sp- o°1¢- 00¢
168'2 L ee- 9°'c1~ 066'¢L 9'¢gg- L°S1- oov
oz8's g° 1T~ ¢°g - s08°'c g 22~ g°g - 00g
ost'e A rAdo) | e g°¢ - 8°6 002
oT16'1 €01 o°gl 905 ‘1 s 01 g 21 088
88 peTe 9°92 16 veee. T 0001
A.an—.wv (9,) Uav A.E.Qowv AUov Anvcv ADEV
Iydtay ‘d*q *dwa] Iy3ray da *dwag umessay
*390 *3dag
460'se 6°2¢~ cro'et c*ag- cee'se ¥°0¢~ 414
c0L' 02 g 19~ £89'0¢ 9°19- 66902 1°29- og
19891 2°08- T95'91 2°08- 966591 2 18~ 001
9TZ'p1 2°89- £82'p1 £°89~ 952 b1 9°29- 081
22821 g°¢g- ocr'zl 9°bS- vopcel 0°gg- 002
286°01 g 1y~ €66'01 AR 2 §26'01 6°0V~ 082
L89'6 0°'Sp- 118~ 069'6 goch- [B {5 90L'6 g py- g og- 00¢
28G°2 VAL 9°ST~ c8s'e g ze- .81~ 9652 0°1¢~ £°6T~ 0o¥
YA M 9°22- 9°6 - 998'c AR t 4 L°c - al8's 491~ 0°g - 00S
£PT'e 9°'¢ - 6°'6 Lrite 9'¢ - 0°01 1sT'e g°T - 701 002
£0s*1 8°01 FAFA | Logtt g el 8Ll 6051 6°11 0°8t oS8
88 8°2¢ 8°9¢C 06 8°22 9° 92 c6 4l <4 8°92 0001
(cw-d-3) (9,) (9,) . (*wmed-3) (9) 3,) (*=m-d-3) (9,) %) (a=)
Iy ray *d*a +duag, 43719y ‘d°q ~dway, 3udtay ‘da *dway, saneedag
*3ny cInp ‘ump
NOINVD

PONUTUO) - ¢ STQBL



23

k449
FA% o
(44
62¢

cee

(4 4%

%

v
o
m.
v
6

L] - . .
~Oo M ~O

gLl

(¥,) (31/3) (¥,)

-

8¢
oce

8ve
Pbe
e
[ 2%Y
.28
vig
90¢
00¢

-/

vi19°91
81yl
wret
19601
n‘_.m K4 2
£09'2 Cre2-
068'S  L°ST-

121'c  o°C
£26'T  G'uT
201 972w
(rwd3) (3,)

] *da
*dny

QJ<
8G¢
6v¢C
vee
ove ¢°0 org
¢eE 970 coe
6oL T T 9C¢
9T¢ 0°S 11¢
oge £°NT <Oy
OFC  T°21 66T
(Yg) (F4/4) (v,)

) g
Tl i8¢
u°9y- ¢se
cTve- 8it
1°Cb- rve
T°7¢= €1 ¢+°0 cve
291~ ©LC 6°0 ree
8°¢ -~ T¢e ¢£°C 9% ¢
6°6 8cL 0°9 vy
| 22} 1€ 0°1T 30¢
¢ oc Sre ¢l 00%
3 (%) (BY/3) (v,)

) sm b :)

‘:103 seowrans amssaxd pIBPUBLS 9B BYBP JUTPUNOS

P KTR ) ¢
il 1 |
geetet
19601
AV
019° .
663°'¢C
6L1'e
6v6' 1
1
(Furd i)
H
*390

¢19'9I
.cm._~
1SV §
80621
TIL's
2092
968G
gL1'e
FAM R |
a1t
R.E.;.vv
H

cne

£ 9b-
grug-

il

L N
-~
[

6711
1'eo

(3)
N

N?l—lﬁqu
M

N
!

i

.

O‘b!ﬁ!'ﬂ o«
b I

.

S
~—

Q’ﬁ
as

SNOYVH-OMI

.
=

~M T ol
[ ]

HoVE-t~oa
TN Y

6°nL-
9°Le-
TTrs-
ey-
8 1e-
L 9T~
89's -
0°o1
1°81
6'92
(3)
£

Tye
9.¢
TeL
82¢
veL
eve
Adlov

eve
ogy
oce
ace
6cTy
e
(¥y)
%

uBsp

8¢
86¢€
6bs
vie
we
pee
L2e
)° p1g
9 _~ 90¢
621 00¢
(375 (¥,)
b g

b’
6°
o’

b N O O

-~

1. 3%
9cL
6b¢
(24%
[ 49
veS
gcg
1 2 £%
gsog
~ 667

q-—ao<ou:n
.
h a(o-nc»c

w;\wv A¢ ) (°we d-3

‘f 9TqBL

0c9'91
{42 §
vor'el
£86'01
e12'6
8102
006'S
cLT'e
6cs'1
It
A.E.c.mv
it
*3dag

s19'oT
ceT' eI
vev'cl
£86'01
91L'6
L19'2
£06°S
08r'e
28641
2Tt

H
‘unp

8 ¢p-
g og-
61
(A
8°' 11
s°c
(3)
*d°a

L Se
6°S9-
gegg-
6°1v-
o°ce-
g‘or-
6% -
8°01
s°81
69T
(3)
b

6°SL-
0729
6°¢s~
0°ap-
PN § 5
9° 91~
v'g -
0°'01
6°21
1°9¢
(2)
&€

001
0st
002
0se
-00€
oov
00g
002
0S8
0001
~(qu)
9JINSsadd

00T
0st
00z
osT
0og
00¥
008
002
0se
000T
(qu)
sanegsoxd



2k

9e€
£ce
Lce
f£2¢c
oce
oye

")

1
6°91

£6¢
gee

£ve

6Ly

9Le
1€
Ny
T1e
vOog
667

11c

. . 00»
.mm 91
-.’ﬁ Vﬂ
oce'nr
FA8 01
gro's
128'¢
128'c
vette
cpe't
o¢ T

(V) (39/8) (v,) (twedR)
b ¢

S*0G~

$°6G-

<'69-

b9u-

Lyc-

6 i~

N°9y=- I re-

veoL- 6°8T-

TT6T- 9L -
8°0 - 8°¢
v'ot 1°91
J'ac €°¢C
(%) (9,)
*d°a &L

lee
cEeL
b4
9Cs
vee
(¥,)

160'c2 0°ce-
649'0¢C 6°19-
2ag ¢£6g'9l vege-
96¢  VSI'vpT 6°S9~
gry T9¢'2n 8'¢¢c-
ore  863°01 1 ke~
T'O O LCE 68¢'6 tUb- bta-
9°0 1€ omn.n [ S S -] &
LT ¢t7¢ ue&g'c  1°8T- T -
o't cle es1's v - €73
T°01 TOE 0$6'1 F1l 6781
€'gl 267 671 v'oT 6°'¢w
(3/3) (v,) ("wd %) (2)) (D)
b 6 H daca 1l
©190
aum.un ‘0c-
Q\\. "G~
6L oen.o~ 139
GLL TT1'el a°u9-
I ST KR | 8796
Qg s63'0l LUy~
SO CLy GYY'6 0'Lk- ©'ee-
2°0  0Le 8es'e STTE- 6T61-
el £oL cLB'e ¢t1o- T8 -
< ore P3¢ a'C -~ 8L
3Ll 1oL g9t a'cT uter
y°O0T uGe  vrl [ I e EAN e
(F/3) (vg) (rwedtB) () (9y)
b ' g i *dta 8]
crag
OIATOVA-AIN
panupjuo) - ‘4 STqQBL

R

6€¢
vec

ot
STL
ot¢
ore

(¥,)

gee
eee
NTAY
rac
9T¢
zee

A/vev

Twe'oz
98¢ 885°91
gee  I8T'Pl
9ve  N0V'2T
1pe  ¢£6'01

¢°0  8¢e 639'6
8'0 Tey v6cte
9'1 gy ©88'¢Q
0 n c1e 29T'y
3¢ to¢ 226°'T
6° o~ 66C TI
(3w/3) (v;) (furd 9y
b 8 H
*3dag
o8T'S
3vL*'ocT
peL  328°9T
¢S I81'vK1
sre  10v'cCl
e T1r6'or
a2°0 89¢  98e's
9°0  2ge 109'2
¢°T ¢3¢ e6a8'c
6°¢ €£1¢ ouTl'y
6 w08 pre't
Sl 60 VI
(3/3) (Y,) (rwede3)
b ) H
‘unp

(3 I o B

-

oNMNTOoOO

J AN ~DC 1D
]
[

oL
=
~

£~
a

cTop-
ceL-

14
(011
00t

002
(01214
00¢
oov
00s
002
058
0001
(qu)
aansgsaxd

-
IR

oS
001
061
ooz
0se
00¢
ooy
00g
002
ogs
0001
(qu)
aangsaJd

e L e



ere
gce
yeg
oey
gee
ore

%)

%

-T2
£8e
8e
Sve
S‘'0 gre
¥°1 see
0°g 22¢
€L £1e
L°2T go¢
€°’6T 662

¥ST'Se
sbL'02
84S ‘91
28T'P1
ory'cT
286°01
269'6
£8¢'e
g98'e
crIte
£0S't
o8

H

(3/2) (v,) (w-d-3)
. b )

*Jny

Lo 1e-
9°09-
6°92-
L°L9-
T°¢g-
9°0v-
s°0¢-

129°ce
699°02
£L4¢ 88S°'91 .
PGC  L£2°'P1
8ve 8eY'ZI
SPe  196'0T1
cve ¥°0 2HC  689'G
8¢ 2°T Gef 28S‘'e
£€¢ 6°C  9%e wo3's
JICE 172 ¥IE ofT'e
GLe G°TI 60f pOS‘'T
ste 1°6T 662 €8
T (V) (BV/3) (v,)) ("wrd 1)
29 b 6 B
*320
111'6e
¢eL'oc
L8 6ag'yl
£oC 632yt
3ve  TEpier
9%E T96‘01
Cbe ¥°O0  THE £69'6
8C¢ 4¥°Y GL¢ 2658'2
CLe gt L gug'c
oge T1°2 CTIE ZF1'C
pee T°TT S0t 60S'T
9%C v°61 662 @8
(Vo) (34/3) (v,) (*w-d-3)
% P 9 H
‘yap

L°6e-
6°ve-
£°21~

LT
£ vT
(%)
‘dta

S'6g-
o've-
g'or-
9°'g

(A2 41
12
(2)

.mta

o°gco-
1°¢9~-
464~
LANA
T°¢g-
g8‘op-
9°0g-"
PR
g'g -
001
v 8l
8°GT
(3,)
L

s T1C-
Lt19-
£TLL-
8°LG~
O it
S°0p-
9708~
9°¢l-

- oo
.
HSP nwo vt
v O o=t

m<z<Hm¢E|mMZqum<o LSHM
‘f 9Tq8L

panUTqUO) -

£pe
(3%
pee

eee

ace
9% ¢
(¥,)

[44%
8Le
yee
6cE
cgee
e

(¥,
9

gctise

veL'oe
248 96G6°'91
£6¢  TeT'HI
6ve c£pb'el
Sve 996‘01
The L69°'6
SeC  28S'2
92§, 298°Ss
vIE obl‘e
90¢ 20S‘t1
66T ¢8

) (V) (twed-3)

H

*adag

0o W

e

80 )

i . .
NN ~O
b0~ o~

o
L)

TLD'eT
£12'02
0LL §29'9T1
vsE £6T°'p1
8he Sob'cl
9re  pa6oT
C S$pbe 9TL's6
‘T 6 £09°2
T 3¢ 68'S
9 pIL goT'c
8°TT oL TIS'Y
0'6T 00¢ T6
(BW/F) (v)) (cwed-3)
b 9 H

cdnp

LoLe- gtoge-
goe- l°cI-

£ 11- g¢°'s -
8 8°6
8°¥T  ©°ST
gye L'seT
() (9)
“ata L
8°Tg~
l°z9-
S 8L
g L9~
8°cs-
S op-

£°Ip- ¢ o0g-
0'gz~ g£°G1-

0°¢1- 0°¢g -
0°¢ 1°01
8°€1  ¢°81
6°¢€2 y°92
(%) ()
‘d*a L

144

001
0s1
ooe

00¢
0oov
00¢S
002
0S8
0001
(qw)
amssaag

se
oS
00T
oSt
002
0S¢
oo¢
00¢
00S
002
058
0001
(qu)

axngsaad



26

L10°ge 9°'gg-

¥g9°02 g o~ 112'02 ‘
. ; £°29- 0¢
WMn Mwm.oH S 8L~ 8L 695'91 gL~ 001
M £ osm.w~ ; m.mc- ece  102'vI 1°89- 0§t
ve v Tl €'bs- 9rL  LIp'cl £°rS- 00T
. . vve  go6°'01 81k~ tFC  8P6°0T 8°1b- 083
cre FTO0 I¥e 489'6  B8°ge- 9'I¢- 3 . ¢ . . 0os
Gre r0 us mmo. 8'8c- o - opg v.o e 189'6  g°0v- 2°1¢- 00
nmn AR L,b .eus v.o~- e 2ol PEL  28G'¢ 1°62= 1°91- 00%
et w.w et .omw.m m.nH 8's - gog m”m 9cC 698'c 2'2T- i1°'C - 00g
vmo o.m~ .MOn o8l a.v n.m ﬂmm w.m eTC  LPT'C 'V 86 00s
e 0Fl ¢ : FL ¢°81  9¢¢ 6°CT SOCL pOS'T  1'Sr  ¢*g1 0g3
Spo 2 8T 00¢ 38 9°¢2  9°9T  pre 8°2T T0¢ <S8 L°2¢ ¢z 0001
Nu. . . .
(%) (3 ZML (WIS (%) (%) (Y) (BWI) (v) (twdtE) (3)  (v,)  (au)
% ] dra I % b L:) 1] *d*‘ad 1l aanssaay
*3120 *ydag
101'g2 L 16~ : 8o1' ‘oG- h !
802'02 U 19~ wmw.mm m.ww- cwc“ma bege- o
Le 89stot SreL- e vss'ot g ze- . gester 6 2o~ 08
16 €0T'¢T 8y~ 06¢ 907Vl ‘69~ soc wam.mﬁ Seel o
Tec £ozisl biee” os¢ JWe.: v'69 2CL veEtel @'89- OSI
: Jre- ) ¢ Teriey 6°¢e- PAZSN 13 At 4 9°¢s~-  002.
vre  £96°0T1 9 1Iv e 08601 9 Tp- ¢ .
ere v°0  Tpe £89'6°  L2°OV- Plf- TvE ¥'0  Ipe 08%'6  0°Ob- m.ﬂ.- \ : mvn ﬁwa.on Srot- o
LEE 27T peg 08S'2  9°GT- £°91- s¢¢ 21 vee nmm.‘ gt ge- w.om- wmm m.w mwm mmw.a beor. 5.5 o
TEL L2 92¢ 298'S  E£°CT- 9°C - TEE 4°7 906 €998'c  biere o+ . 2 56 Tep sl
0 O NE WU Sk 2e otk 04 mn seee WiU 487 S5 T gmows Tol oo - oo
bEEL 8°CT 60f rOS'T  +'BT  0°81  BEC T'2T SOC 208l m.en mpa mom n.m cos nnq.n ot oo ooe
S¥e 6°BT ONL g 8°22 1°4% Sve 8'8l 00¢ oau m.nu n.mw mmm m.m~ wwM MMm DSOS . 006
g 7 4 ; c L°eT *9C
(Vo) (3V/3) (v)) ("wed*3) (5) (3) (v,) (3/3) (v.) (cwed-3) (3) o) IS cwede3 S oy am)
g b P 0 ed* I 3 b 0 I B () (¥) (3%} (vy) (cu ) (%) (9) (qu)
. %9 2] | d'a L % b e H *dca L  aanssaag
\'4 : ‘inp .:SA,
STIVHSHVW

pSnuUTWO) - ‘f ITAWVL




27

gT B0 €1 $t0- g S0 (4% g0~ 92 £°0 oS
ve T 1- fot 2°0- 0¢ 9°0 se 20 e 9°0 001
XA 168 | og s°0 G L°0 €z 3°1 6C o't 081
8T 1 62 [ 61 0°1 61 L0 T 8°0 002
9 o't 8T 71 E 01 o 11 PR ¢ (-3} 0se
2. 0°0 0°'1 9T o 20 5 10 670 A 0'0 L0 ST 1°'0- ¢°0 00¢
2 - 2°0- 9°0 0 VN vo0 ¢ T 9°0 ) <o 9°¢C 3 "0 v°0 00V
9 - 1°0 s°0 T - €0 ol e PO o0 ¢ - 30 | 9 v°0 2°0 008
v1- G°0- <¢°0 1 - 2 0 300 < - 9°0- 1°') R 1'0 0o 0 0°d I'0 00L
¢ - Vo AR T - 2k} ] 1 - s £°0 T - 170 had) T 2°0- 'O [o]:]
g - £°0 g'o- ¢ - L1 9°1- ¥ - 9°0 1'1- ¢ - 9°n 8°0- 1- 1'0 ¢ o- 0001
(W)  (3W3) (9,) (W) (3W/3) (5) (W) (BWE) (5) (w) (W) (3) (w)  (BW3) (7)) (a=)
HV bv v H? 14 v KV g 1v ny bP v ue bp A4 aanssaad
*390 *ydag cdny g ‘unp
BaIR STTBYSIBH
X0 B1EP SUTPUNOS UBSW WOXJ ©aI8 SBUBTIEN-SSUTTOIB) 98SM JOJ BIBP JSUTPUNOS UBSW JO SUOTYBTASQ - *2°G 91qQel

¥9 [ G <9 g o~ <6 o - 99 rohdt VXS 6°1- 001
ve 0°0 9 g0 08 t°'o- g3 8°0- ¥¢g 1°0~ 0s1
T 1°1 +9 9°1 18 T°e S8 9% €L 9°1 002
€9 P°I 8v 67T LS 8°C €2 £ Tv g1 0¢z
144 0°'0 9°1 e *n 9°1 ¥e t°0 L'z g3 ‘o vee o¢ 1°0 6°1 oog
1w 0°0 o't ye T o AR | 3 F°0 z°¢C 6c T 6°C 91 c°0 't o0y
9¢ 1°0- 9°1 81 v [ | 61 L0 0°c LT 6°0. vee 121 €0 L°0 005
22 0°1 6°1 < 0 ~ c 1 g - | 1'c 6 - 1 SR A v 1 o't 004
6 c°0 Lte v - 8°0 6°1 b= o't e L= o [+hd L= L0 8°C 0S8
e - 9°T £°c T1- 01 7h | 6c- 9°0 9°1 ce- 1°t 2°2 o} 86°¢ v'e 0001
(®) (3V/2) (9,) (w)  (BY3) (9) (=)  (33/3) (9,) (). (3W/3) (3,) (m) (3W/3) (9,) (qu)
HP ‘bv h R4 HY bv 1v HV bv Lo HV by v AP ~bP LV  3angsas’

*320 W CEN *Juy snp sunp-
BaI8 OTJTOBI-DTH J0F B3EP BUTPUNOS USSW WOIJ SNOIBH-OMT IO BIEP BUTPUNOS USSW JO SUOTIHIAS] - *I°G aTqsL




28

41N 9°1 o¢ 0°¢T £3 21 <72 €1 12 o'z

T - 1°C 61 T°v £ €3 L - 83 oe- 6°'¢

9p- 9°2 £1- 9°1 Te- o' v8- 9°¢C £g- 1

6S- 9°0- 21- "9°0- 12- £°C~ 92~ §°c~  bi- 6°1-
8- £~  ¢l- 2°1- 65~ £°¢-  ¢g- l'C-  9T- ceT-
82~ 2'0- 8°'C- O 1'0- #°C- G- o0~ ty- 2g- T°0- 6°¢~ ge- t'0-  g°'c-
o1~ 8°0- 2'c- ¢ v'o-  4°1- 6 - c'0- o'z~ L - S'0- p'c- 9 S0~ 0°zZ-
g - St~ ¥'1- €1 £°1- 2°0- 6 I'1- <¢'e- 11 £°T-  g°c~ 91 1°'1- 6°0-
A 9°¢c- P°I- O2 g'g~ ¢'0- og A*1l-  6°I- &€ v'2- 6°1- ¢t p'c- O°1-
£e 6°1- ¢‘¢- 8¢ | LA T T2 g'1- 6°1- <¢To £'1- r°C- ¢g. 9°'z- 8'¢c-
147 g°g~- L°2- 8¢ 6°0- 9°T- 2g 0'z- 8°T- ¢ L't~ 0'2- 1¢ b'y-  0°y-
(m)  (3W32) (7)) (w) (33 (9,) (w)  (3W/3) () (w) (M) (o) () - (BW/T) (9)
HY by Iy Ho b iv Hy by iv Ho o i1y vg bw i1v

*3190 *qydag cdny cnp *unp

(4441°]

0001

(qu)
aanssaayg

B8IB STIBYUSITN IO0F B1BP FUTPUNOS UBSW WOIJ 8318 OTJTOBI-PTW JIOJ B1EP SUTPUNOS UGS JO SUOTIVTASC - °+°§ ITqel

6T 6°C ve c'e 9T Lc 12 bvr otr- $°¢C
6 S°'1 oz L1 vi-. 1°'0 we- 0 8¢~ 2°0
g 9°'0- 1T £°0- ¢ - 1°1- o1- 0'1- 6 - T~
0 1°2- 21 £ 1-  F ¢ 1- 9 e'r- T - s 1-
A 2°0~ z°2z- o1 1°0- g 1- 1 e~ y'1- 61 0 o'1- o L0 9°'1-
8¢ 9°0~ 8°T- 1Ig L0~  6°0- T p*Cc~ O0'1- ¢Sl €0~ 11~ ¥l $0-  e°T-
XS L1~ g0~ ¢¢ 2°1= 90 ec L°0- k"0~ 1t ol G ot s R 0 S°i-  pUO-
438 4 1°2- 2°0 14 8°T- 0°1 6o "0 10 9z "1-  £°n LT e*n-  1°0-
433 2°C- 8°0- L2 6°0- 0 0 8°0- 10 L3 T'l1-  1°0- 9T LT p°O-
137 0°2- ¥%°'0 o¢ 9°1- €°1 L2 0‘2- 6°0 LT € 1- 0°'1 Tt 9°1- g0~
(W)  (3/3) (9, (w)y (3Y3) (9 (w)  (B/¥) (9 (w)  (3w/8) (o) (w)  (3/8) (7))
HY by 1 HV by b4 H? bw iv HV bv i1y - HY b 1LV
’ *390 *qdag ) *Sny *Inp . ‘unp

.  '93I8 SBUBTIEN-SSUTTOIED
9880 I0J BIEP SUTPUNOS UBSW WOIJ BOIB SNOIEN-OMT JOJ BY8D BUTPUNOS UESW JO SUOTIBIASQ - °¢°G STQ8L

001
0s1
00¢
0ose
00¢
ooy
00s
002
oss
0001
(aw)
2anssagy




29

18~

(449

e

ov-
oy

.AN

T -
ST~
1~
Le-

g~
(=)
By

3&3

.ooc

9U3 I0J ®B31EP BUTPUNOS UBSW WOIJ SBUBTIGH-SSUTTOIB) 1S9/ JOJ BYBD BUTPUNOS WeSW JO

BaIB OJTXIW JO JTMY) oY3 JI0J B3BP SUTPUNOS UBSW WOXI SNOIBW-OMT JO0J BYBP SUTPUNOS UBSW JO SUOTIBTASI -

CQOTDNDW
L]

A NONNDONQYO
L]
N AN ~A - OM

&2
St

Ld
Om =t NN el Ot

. .

* e

[P R MW
qoo . o
~—

£
. 9

[
: N

w -
or-
(=)
HV

E

< T <«
L
O~000

*3dasg

OrTONMWO I
.

*

wv

« s's
E]

¢ o o »

ANDBNONND A OR
QOO MmO ~O W =

[ 5
QO

L

.

Lol
. ale o
MO=mMOOOOO0C

P

(®)
HY

A~ OTQOCODOIND -
OCHMFM~NIN~OYO

&
~

e
<

Lz

€8

89-

¥~

Te-

£T-

N- -

og- o1

og- 0°2

66~ 9°1

26~ 8'1

(@)  (By3)

BV by
*Inp

BaI® SOTPUI 9S9M

wa\wv
by
~8ny

oo
.
[ ]

[ ¥R M~ O
(8] * & o o+ b
q’. O(.DOOOOOOON

m-

9

+1

ST

v

-4 S°0-
L - 6°0-
£3~ [+R¢]
v N1
£c- £°0-
(w) (3w/3)
Hy by

‘e

q > o‘q ~AN©D® N Otooq

Mo NwOoOSoOYdo O~
M s s e e e e
qe Oc?a.q—,a-4o<>n

6v-

(m)  (I/3)
B by

SuotyETAS] -

sunp

Yz~ 0g
9rg- 001
11 ogt
6°¢ 002
z°¢ 0sz
g'e 00¢
8°¢ o0¥
€2 008
L't 0oL
g1 o¢gs
8°0 0001
(3,) qu)
NAv4 3INSSIJId
*L oTqe}
T e~ 001
c*o~ 0s1
o't 002
1 082
6°1 00¢
S'1 00F
e°1 00g
6°0 002
V' o~ 0S8
€0 0001
(%) (qu)
L aanssaxg
‘g 3Tqel



31

DISTRIBUTION OF TURBULENCE AND ICING
IN THE TROPICAL CYCLONE

Z. Hashiba |
Aviation Weather Service, Tokyo International Airport

1. INTRODUCTION ’

Over the western Pacific in the Northern Hemisphere, tropical cyclones
are so numerous in summer and autumn, especially in August and September, - i
that we can readily find one or more of them on daily Pacific ‘'weather charts..
There have been not a few cases in which regular flights over the routes from
Tokyo to Hongkong, Manila, Biak, Wake, and Honolulu were obliged to delay
their departure or arrival times or to deviate from their regular routes to
avoid a tropical cyclone with its severe turbulence and icing. Therefore it

~ is important for safe flying to examine the distribution of turbulence and

icing associated with the movement and intensity of tropical cyclones.

~ For such a study we used the eye fix reports of U.S.Air Force reconnais-
sance flights for the period of 2-1/2 years from January 1959 to June 1961,
and ATREPs collected from civil aircraft which landed at Tokyo International
Airport. The collecting area of the information covers a region from 90°E. to
180°E. in the Northern Hemisphere.

Table 1 shows the frequency of formation of tropical cyclones during the 3
period examined. Classification in this table follows that of the United :
States Typhoon Warning Center. In the Column "Tropical depression" are in- ,
cluded only those that were named and/or observed by weather reconnaissance 4
flights. i

Teble 1. - Frequency of formations of tropical cyclone

Type of tropical 1959 1960 1961 Total
cyclone (Jan.-Dec.) (Jan.-Dec.) (Jan.-Jun.)
Typhoon (max wind >> 6l kt.) 17 19 L 40
Tropical storm (34-63 kt.) 7 7 5 19 ,
Tropical depression (=< 33 kt.) T 3 2 12

Total 31 29 11 T1
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2. TURBULENCE

‘T, Ochi [1] investigated the distribution of turbulence within the area

of a typhoon and pointed out that severe turbulence is occasionally observed
in its north and south quadrants. Using the data available here we also ex-
amined the distribution of turbulence as a function of: (a) type of tropical
cyclones, (b) altitude of reconnaissance flights,and (c) direction of move-
ment of tropical cyclones.

2.1. Turbulence in relation to types of tropical cyclones and altitudes of

reconnaissance flights

Table 2 shows the frequency of turbulence observations obtained from eye

fix reports made by United States reconnaissance flights at varying flight
levels as related to the surface maximum winds of tropical cyclones. Data are
for the flight altitudes used, according to United States Typhoon Warning
Service standing operation procedures. They are classified as follows:

(a)

(o)

(c)

The 1500-ft. level is used for locating and reconnoitering a tropical
cyclone, or for approaching a weak tropical cyclone, but it is never
used when wind speeds are 64 kt. or more.

The 7,000-10,000-ft. level (700 mb.), or higher, is used for almost all
reconnaissance flights.

The 17,000-19,000-ft. level (500 mb.) is used when a typhoon reconnais-
sance flight is required over land or within a distance of 60 n.mi. of
the Philippines, Formosa, Japan, or Korea. In all cases at least an
8,000-ft. terrain clearance should be maintained.

Values at the 31,000-39,000-ft. level in table 2 are those obtained by special
reconnaissance flights during the year 1959.

(a)

(6)

(c)

(d)

From table 2 the following points are noted:

At the 1500-ft. level, the frequency of severe turbulence is comparative-
ly great. However, very few observations were available at this level.

The frequency of turbulence is greatest between 7,000 and 10,000 feet.
The stronger the surface maximum wind speed, the heavier the turbulence
becomes, resulting in more frequent turbulence observations.

At levels between 17,000 and 19,000 feet, the intensity of turbulence is
generally weaker than at 7,000-10,000-ft. levels.

At levels greater than 31,000 ft., turbulence is still observed, but the
frequency of "NIL" becomes a little greater than at the levels between
7,000 and 19,000 ft.
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Table 2. - Frequency of turbulence observations in relation to types of

tropical cyclones and flight altitudes.
centage of turbulence observations.

Parentheses indicate the per-

e —  ————— — — T

Maximum Tropical depression and Typhoon . Typhoon
surface wind storm << 63 kt. 64 to 99 kt. 100 kt.
Hedght 0 B¢ SVR MDT IGT NIL| SVR MDT LGT NIL| SVR MDT IGT NIL
31,000 to 2 3 4 slo 2 7 2

39,000 ft. (15) (23) (31) (31)[(0) (18) (64) (18)
17,000 to o 3 7 2|0 ¥ 4y 1

19,000 ft. (0) (25) (58) (17)[(0) (ki) (4k) (11)
7,000 to 1 33 k47 16 9 4 99 14 [11 69 63 .2"

10,000 ft. (1) (34) (48) (16)|( 5) (27) (59) ( 8)((8) (48) (43) ( 1)

5 0 1 3
1,500 £t. (56) (0) (11) (33)

2.2 Turbulence in relation to the direction of movement of tropical cyclones. -

A. Data from reconnaissance flights

Weather reconnaissance aircraft penetrate into a tropical cyclone to
locate the eye if possible, and transmit the eye fix reports which include a
short description of the turbulence with .its intensity and quadrant. We ob-
tained those reports and classified them according to intensity, quadrant,
and the type and the direction of movement of tropical cyclones as shown in
table 3. Under the column marked "all" in this table are listed those cases

. where turbulence was observed simultaneously in all quadrants.

Table 3 indicates that there is no striking tendency for turbulence to
occur particularly in the forward quadrant of a tropical cyclone. We can
only say that when a tropical cyclone moves north and northeastward a little
more turbulence can be.found in the.forward quadrant than in any other part
of the storm. Thus, turbulence observations in this table do not show any
particular directional tendency. The absence of such a tendency may be ex-
plained by the following consideration. Around the center of a tropical

" cyclone there are rain bands and wall clouds in which considerable turbulence

is usually found. Reconnaissance aircraft have to penetrate into or break
through these bands to get to the center from all quadrants. Naturally they
encounter turbulence, and sometimes in all quadrants.

From table 3 the following conclusions are also found:

(a) In the south quadrant of typhoons and tropical storms, turbulence may be
severe. .
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(b) The most turbulence is found in the north quadrant and the next most in
the east quadrant.

(c) In well-developed typhoons turbulence is not severe in all guadrants at
the same time.

(d) Clear air turbulence is often observed in the eye of a typhoon and is
sometimes moderate, sometimes severe.

B. Data from civil aircraft

Weather reconnaissance aircraft usually make a survey flight near the cen-
ter of a cyclone, making penetration and Walker pattern flying (c.£. Typhoon
Warning Service SOP), while civil aircraft generally make a detour in order to
avoid violent weather conditions near the center. Accordingly, the reports
from the former represent special features of the center, those from the latter
indicate the character of the surrounding area of a typhoon. .

Figure 1 shows the horizontal distribution of turbulence encountered by
civil aircraft near typhoons and tropical storms. In interpreting figure 1,
attention must be drawn to the fact that the data of the central part (about
200-km. radius) were obtained in flights at altitude greater than 30,000 ft.
and in tropical storms where the intensity was generally weak. In addition,

more than half of the aircraft from which data were obtained flew in the south-
west to northeast semicircle of tropical cyclones. Therefore observations are
not symmetrically distributed in all quadrants.

We first divided the area of & typhoon into 16 sectors with straight
directional lines and then drew concentric circles 100 kilometers apart from
one another, thus making grids. In each grid we plotted symbols indicating
the intensity of the turbulence encountered by the aircraft. Likewise we
plotted an x where an aircraft passed without turbulence.

From figure 1 we can draw the following conclusions:

(a) It is apparent that turbulence is observed most frequently in the forward
sector of a tropical cyclone, except when it is moving west or northwest-

ward.

(b) When a typhoon or a tropical storm is moving west or northwestward the
turbulence accompanying it is intensified. In this stage we can recog-
nize many spiral rain bands around the eye on the radar. However, once
it recurves northeast or eastward, it gradually takes on the character of
an extratropical cyclone, and all rain bands are gathered in front of the
storm.

(¢c) On either side of a moving tropical cyclone or typhoon, turbulence is
less frequent. Moderate or severe turbulence is somewhat more frequent
in the rear sector.

Figure 2 shows two pictures of radar echoes transcribed from "Typhoon
Observations by Meteorological Radar" by S. Otsuka [2]. One is a picture of
the typhoon Alice in the decaying stage. From the time Alice was located far
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Echo of Typhoon "Alice" Echo of Typhoon "Ida" '
June 23, 1958, 10251 September 26, 1958, 23301

Figure 2. - Example of radar echo for tropical cyclone.

off the south coast of Central Japan, it was accompanied by a long rain band
starting from just north of the center to the esst side and stretching to the
south. The other picture is of Ida in the decaying stage. In this picture
rain bands apparently gathered in front of the cyclone.

Thus each tropical cyclone has a different type of rain band, which may
change through the developing and decaying stages. However, generally speak-
ing, rain bands most often stretch from the east side to the south (see fig.2);
for this reason, when an aircraft traverses the south or south-southeast por-
tion of the tropical cyclone, it crosses a rain band and encounters turbulence.

From the above examination of data from weather reconnaissance flights
and civil aircraft, the following conclusions may be made.

(a) In the central part of a tropical cyclone, the strongest turbulence is
observed by aircraft crossing wall clouds around the eye. The wall clouds
surround the eye especially in the intensifying stage, so that turbulence
is observed regardless of the direction of motion of the cyclone.

(b) However, in the surrounding area of a tropical cyclone, turbulence is
quite often observed in the forward sector of the cyclone, especially
when it moves to the northeast or east.

For reference in our forecasting work, we prepared figure 3, which il-
lustrates the distribution of turbulence in models for each stage of the life
of & tropical cyclone:

(a) Forming Stage

In the transition period from tropical depression to tropical storm, the
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cyclone generally travels west or north-
westward along the intertropical con-
vergence zone (ITC) stretching from
east to west.

(b) Deepening Stage

- rapidly. The direction of motion is

Almost all tropical storms develop
into typhoons, and their centers deepen

usually northwest or westward.

(c) Maturing Stage

--- Dividing line

In this stage occur the deepest ,
central pressure and the strongest sur- — Occluded isobar .
face maximum wind. The direction of -
motion is usually toward the northwest Figure 4. - Division of tropical '
or north. cyclone (8 sections).

(d) Decaying Stage

North of latitude 25°N. a typhoon usually recurves northeastward under
the influence of an approaching polar front from the north, and weakens to a
tropical storm.

(e) Iast Stage

As the approaching polar front comes near the cyclone's center, the
cyclone changes eventually to an extratropical storm as a consequence of cold
and warm frontogenesis. The direction of motion is usually northeast or
eastward.

In figure 3, we have plotted the location of observed turbulence for each
of the five stages of the cyclone. When aircraft did not observe any turtu-
lence an x was plotted in the appropriate section on the map, as shown in
figure L.

With the aid of figure 3 we can draw the following conclusions:
In Forming and Deepening Stages

Turbulence is frequently observed in or near. cumulonimbus clouds which
develop in the periphery of a tropical cyclone, rather than near its center.
When the tropical cyclone is weak, turbulence is infrequently observed, even
near the center, by flights at the 1500-ft. level. 1In the model illustrations
(1), (2), and (3) of figure 3, there are ITC's streétching to the east and
west. When we check the frequency of turbulence observations by aircraft
crossing the ITCs recognizable on the weather chart, the following results are
obtained:

On the west side 6 times in 11 passages (55 percent )
Un the east side % times in 13 passages (23 percent)
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This shows that the frequency of turbulence is greater in the ITC's stretching
westward from the center than eastward.

In the Maturing Stage

In the well-developed stage, turbulence is quite often observed on the
east side and in the forward quadrant of a tropical cyclone.

In the Decaying Stage

In this stage, turbulence is observed quite often in the forward quadrant
of a cyclone, or in the north semicircle, and is frequently severe. With the
approach of the polar front, turbulence increases in the vicinity of the front.
Nine out of sixteen flights flown across the front encountered turbulence
(56 percent). In the flights over the front the greatest frequency of turbu-
lence observations is found in the forward sector of the cyclone (83 percent),
next on the east side (43 percent), and then on the west side (33 percent).
From this fact we infer that few clouds develop in the west portion of the
moving cyclone, and that a cold front is not active there yet.

In the Last Stage

As a tropical cyclone gradually changes to an extratropical one, turbu-
lence is often observed in the vicinity of the front, just as in the case of
an extratropical cyc¢lone. '

Radar echoes of the tropical cyclone will be needed to verify these con-
clusions. However, it is difficult to obtain all the radar data necessary.
At present, for our forecasting work, we can only use the classification system
suggested by the models of figure 3.

3. ICING
3.1 Icing in relation to altitude and temperature

In an active tropical cyclone, the probability of icing is great in con-

,sequence of the strong ascending currents and the development of cumulonimbus

clouds. However, aircraft may readily avoid the danger of icing by meintain-
ing altitudes at which temperatures are above 0°C. or lower than -20°C.

Table 4 shows the relation of icing to the flight altitude. This table
was based on the 56 reports from civil aircraft which flew in the area of
typhoons and tropical storms where temperatures were 0°C. or below.

Table 4. - Number of cases of icing reported at various flight altitudes in
typhoons and tropical storms.

» 11,000 to 16,000 to 21,000 to 31,000 to
Intensity of icing  15/000 £t. 20,000 £t. 30,000 ft. 10,000 £t. Total

Moderate icing 0 6 1 - 0 T
Light icing 3 8 3 2 16
No icing 2 15 5 11 33
Total of flights 5 29 9 13 56
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Figure 5. - Temperature and icing in tropical storms and typhoons.
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Figure 6. - Horizonteld distribution of icing in tropical cyclomes.
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(3) Last stage

© MDT icing
OILGT "
»x No n

v

Figure 7. - Distribution of icing in models for three stages in the life of
tropical cyclone.

Figure 5 shows the relation between icing and temperature. The frequency

of icing is greater in tropical storms than in typhoons at altitudes lower

than 25,000 ft. But all observations of icing at altitudes higher than
25,000 ft. or at temperatures lower than -15°C. were in typhoons.

In figure 5, two occurrences of icing are reported at temperatures warmer
than 0°C. These sy be due to instrumental errors, or to super-cooled water
drops falling from levels above 15,000 ft. Further, we must take note that
icing is sometimes observed at quite low temperatures, i.e., at high altitudes,
although the frequency is not great.
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3.2 Distribution of icing in typhoons and tropical storms

Figure 6 shows the horizontal distribution of icing observed by civil air-
craft which flew at levels colder than -1°C.. in the typhoon areas. Icing is
observed in all quadrants, though it is a little less frequent in the sector
from east to southwest. Iight icing is observed in the eastern semicircle,
while most of the moderate icing is concentrated in the western quadrants.

This suggests that the influx of cold air is a cause of the strong icing.

The horizontal distribution of icing for the final three stages in the
life of a tropical cyclone is shown in figure 7. Models for the forming and
developing stages are omitted because of the few data available.

Maturing Stage
Tcing appears in all quadrants. .
Decayihg Stage :

Almost all of the icing is found in the northern semicircle, especielly
in the precipitating area of the northeastern guadrant.

The most intense icing is observed in the cold air of the northwestern
quadrant.

Iast Stage

Icing is often observed in the vicinity of cold and warm fronts or on the
north side of a tropical cyclone as it changes into an extratropical storm.

ACKNOWLEDGMENTS

The writer wishes to express his hearty thanks to Scientific Service Div.,
HQ, lst Weather Wing U.S. Air Force for the kind offer of the tTyphoon fix re-
ports. The writer is also indebted to Mr. K. Agematsu, Mr. M. Utsugi, and
Mr. H. Mitsuno of TIA Aviation Weather Service at Tokyo International Airport
who took much time in giving useful advice on this report. Dr. H. Arakawa
(Japan Meteorological Institute) kindly guided and assisted us in carrying out

- this work.

REFERENCES

1. T. Ochi, "On the Turbulence and Cloud in Typhoons Observed by Aircraft,"
Aeronautic Meteorologicel Symposium, 1l4th Mar. 1958.

2. S. Otsuka, "Typhoon Observations by Meteorological Readar," Tenki, vol.5,
No. 11, 1958. e

3., R. H. Simpson, '"Exploring the Eye of Typhoon Marge," Bulletin of the
American Meteorological Society, vol. 33, No. 7, Sept. 1952, pp. 206-298.




